Development of a New Mechanism Compressor Named  Helical by Okuda, M. et al.
Purdue University
Purdue e-Pubs
International Compressor Engineering Conference School of Mechanical Engineering
2000








Follow this and additional works at: https://docs.lib.purdue.edu/icec
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html
Okuda, M.; Fujiwara, T.; and Hirayama, T., "Development of a New Mechanism Compressor Named "Helical" (2000). International
Compressor Engineering Conference. Paper 1493.
https://docs.lib.purdue.edu/icec/1493
DEVELOPMENT OF A NEW MECHANISM COMPRESSOR NAMED "HELICAL" 
Masayuki Okuda, T akayoshi Fujiwara, and T akuya Hirayama 
Fuji Operation Center, Toshiba Carrier Corporation 
336, Tadewara, Fuji, Shizuoka, 416-8521, Japan 
ABSTRACT 
A new type of compression mechanism named "Helical Compressor'' was presented at the Purdue 
Conference in 1992 and 1998 [Refs.1-2]. There they showed the design, performance of the prototype, 
theoretical analysis, and its potential. After that fundamental experiment and theoretical analysis have . 
clarified various phenomenon in the Helical Compressor. As a result, we can successfully achieve the 
practical use of the Helical Compressor. This paper shows the whole structure achieved the practical 
use of the Helical compressor , and the original and simple release mechanism for the practical use. 
INTRODUCTION 
In the course of compressor evolution , they had been developing from the reciprocating type into the 
rotary and scroll type. The rotary type compressor is high efficiency at various pressure ratios. While 
the scroll type compressor is high efficiency at the pressure ratio designed because the compression 
loss has decreased for the continuous compression, minimizing the pressure difference between the 
chambers , and the scroll is low noise and low vibration because of valveless mechanism. Valveless 
mechanism like the scroll type compressor contributes to high efficiency , low noise and low vibration. 
But it had the over compression loss when pressure ratio of the actual equipment was lower than 
pressure ratio designed. So it needs the new mechanism which is made for the lower pressure ratio. For 
example , the scroll type compressor has the release mechanisms which are another valves for the 
lower pressure ratio [Ref.3]. 
The Helical compressor realizes high efficiency , low noise and low vibration because it has the original 
and simple release mechanism without a valve. So the Helical compressor is to be the next type of the 
compression mechanism. 
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STRUCTURE 
The compressor we presented before, was in combination with a motor. So the driving torque of the 
cylinder fixed in the motor rotor, is transmitted to the roller by means of oldham mechanism. The roller 
rotates synchronously with the cylinder whose axis is off set to the roller axis. 
But we've changed the structure of the current compressor to achieve the practical use. The current 
compressor comprises a casing, a cylinder fixed in the casing, a roller, a spiral blade, and a crankshaft 
which the bearings support A roller orbits by the crankshaft while its outer surface contacts with the 
inner surface of the cylinder. A spiral groove is formed in the outer surface of the roller and has a pitch 
being gradually narrow toward the outlet side from the inlet side. A spiral blade is movably fitted in the 
spiral groove and its outer surface contacts with the inner surface of the cylinder so as to divide the 
space defined between the inner surface of the cylinder and the outer surface of the roller into a 
plurality of operation chambers. 
Of course, the compression process of the current compressor is the same as the compressor 
presented before. Namely, each operation chamber is divided by the blade as shown in Fig. 2(a), and the 
cross section is in a shape of a crescent as shown in Fig.2(a). 
Next, the operation of the current compressor is explained. 
First, electric power is supplied to the electric driving unit so as to rotate the rotor and the main shaft. 
Then, the rotation movement of the main shaft results in the orbit movement of the roller through the 
oldham ring. As the result, a refrigerant gas supplied to the first operation chamber on the inlet side is 
successively carried, while being compressed, toward the last operation chamber on the discharge side 
through the respective chamber, in such a manner as shown in Figs2(a) to 2(d), and is then discharged 
from the discharge pipe. 
As a result of changing the whole structure of the compressor, since the cylinder is fixed in the 
closed case , the bearing section which supports the crankshaft is fixed in the cylinder and cylinder 
doesn't rotate. Therefore, it becomes possible to enlarge the diameter of the cylinder without causing 
any bearing loss, so that the first compression chamber can be enlarged and we can be prevent to go 
down the efficiency. And we can make use of the normal motor, and can make it easier to realize 
various series of the compressor. In spite of such structure change, the performance of the current 
compressor is almost the same as the compressor presented before. 
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RELEASE MECHANISM 
The compression process of the helical compressor can be designed freely because we can design the 
spiral shape freely. This character contributes so much to achieving good perfonnance. But there are a 
lot of pressure ratios when the compressor is used by various products, because they have each 
compression ratios and are used by various conditions. So we developed the original and simple 
release mechanism. 
Fig. 3 shows a release path of roller which is the original and simple release mechanism developed for 
this current compressor. This path is made at a discharged-side on the groove of the roller. It is very 
simple and no additional parts like the valve are needed. 
Fig. 4 shows the movement of the release mechanism. When it is the compression without the over 
compression on Fig. 4 (a), there is a side clearance between the spiral blade and the groove of the roller, 
and the spiral blade is attached to the suction side surface of the groove because of the pressure 
difference. But when it is over compression as in Fig. 4(b), the spiral blade is attached to the discharged 
side surface of the groove because of the pressure difference. So compression space V2 is connected 
with the next compression space V3 through the groove of roller and release path. Therefore pressure 
P2 is equal to pressure P3, and over compression is canceled. 
When the pressure ratio of the actual equipment is lower than the pressure ratio designed, it was over 
compression if it doesn't have the release mechanism as shown in Fig. 6. Because as shown in Fig. 5, 
the spiral shape of the roller is designed fitting the highest pressure ratio in the pressure ratio range of 
the actual equipment. So over compression state is canceled because of using this release mechanism 
as shown in Fig. 6. We confinned this phenomenon by measuring the practical pressure of each 
chamber. As a result , we can achieve high efficiency at every pressure ratio because we can get rid of 
over compression loss at each pressure ratio. 
Fig. 7 shows the contrast of COP between having a release mechanism and no release mechanism. It 
shows the COP with a release mechanism is the same as the COP without a release mechanism when 
the pressure ratio of the experimental condition is the same as the pressure ratio designed. Because 
the compression loss with the release mechanism doesn't increase compared with the compression 
loss without the release mechanism, namely there aren't any new compression loss which is a leak loss 
or the release path's volume loss by having a release mechanism. And the COP with a release 
mechanism is higher than the COP without a release mechanism when the pressure ratio of 
experimental condition is lower than the pressure ratio designed. It is because the over compression 
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loss with the release mechanism is canceled. And the lower the pressure ratio is • the larger over 
compression loss without release mechanism is. 
We can get high efficiency in the various compression ratio because of such a release mechanism as 
shown in T able.1. The COP of the current compressor is nearly the same as the current models of our 
rolling piston rotary compressor, and the noise and vibration levels of the current compressor are 
approximately half as much as those of the rolling piston rotary compressor. 
CONCLUSION 
The former experiment result concludes the following. 
1. As a result of changing the whole structure of the current compressor, we can successfully achieve 
the practical use of the Helical Compressor. 
2. We developed the original and simple release mechanism and we can get high efficiency in the 
various compression ratio. 
3. The performance of the current type helical compressor is the same as or more than another type of 
compressor. 
The newly developed compressor will be used for many kinds of appliances, and is expected to 
contribute to the new, and better life of the world. 
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Fig. 2 Compression process 
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Fig. 3 Release Path of the Roller 
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Fig. 4 The Relation between the Spiral Blade and the Groove of the roller 
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Table 1 Comparison of typical performances 
Relative Relative Relative 
COP noise level vibration level 
Commercialized rolling-pistor 1 Base 1 
rotary compressor 
Practical use 1. 02 -5dB 0. 3 Helical compressor 
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